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Abstract
Space syntax provides information on the probabilities of certain behaviour types (e.g., seating choice, movement) depending on the 
configuration of space. The evolutionary approach (e.g. Appleton’s prospect-refuge theory) in environmental psychology can help 
designers in creating spaces by providing a better understanding why certain parts of an open space or a building are avoided or 
occupied, why good "observation points" or "hiding places” are preferred. Our research aimed to explore how different space syntax 
variables predict specific behaviours – the seating choices of 216 participants – in a 3D virtual model of a lounge area and how the 
prospect-refuge theory relates to these predictions. The participants had to choose a seat in simulated spaces in two social situations, 
which differed in the degree of focused work and concentration: one of the situations implied seeing others and being seen, while the 
other highlighted focused work and hiding. The results show that there was a variation in the seating choices depending on the goal 
of the situation (user: trying to be seen or hiding). The expected significant correlations with the space syntax measurements were 
presented in the situations where being seen was the goal of the participants. However, in the situations where hiding was induced, 
our results need further clarification. Our future goal is to provide quantitative, evidence-based reflection on the prospect-refuge 
and space syntax theories, and to investigate the psychological factors (e.g., goal of the user) that need further consideration when 
applying these theories in the design practice.
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1 Introduction
Understanding human behaviour and affection is an 
important skill for designers creating places that are both 
aesthetically pleasing and functional. Designing more 
human-centred built environments can contribute to a per-
son-environment fit (Kaplan, 1983; Edwards et al., 1998), 
which can have positive effects such as residential satisfac-
tion (Kahana et al., 2003), better performance, and overall 
well-being at the workplace (Ostroff and Schulte, 2007).
The present study focuses on comparing and recon-
ciling two approaches that aim to understand and predict 
human spatial behaviour: space syntax and evolutionary 
environmental psychology. Space syntax focuses on the 
relationship between the geometrical properties of the 
environment and the behaviour of the users of a certain 
space (Hillier and Hanson, 1984); while the evolutionary 
approach in psychology concentrates on the connection 
between the adaptation value of certain behaviours and 
preferences, including spatial behaviours and preferences 
(Buss, 2015).
Space syntax theory provides a powerful functional 
inventory to analyse the environment (Hillier and Hanson, 
1984) but offers little insight into the causes of different 
behaviours. To understand these behaviours, Appleton’s 
(1975) prospect-refuge theory is appropriate, because it 
focuses on the explanations of behaviours and further-
more, their connections to environmental features. This 
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paper explores the application of space syntax theory by 
gathering evidence of different behavioural patterns and 
by exploring how these patterns can be explained through 
the lens of Appleton's theory.
2 Evolutionary approach prospect-refuge theory
Evolutionary approach in psychology explains behaviour, 
mental and psychological traits from the perspective of 
adaptation: how a certain behaviour helps survival or suc-
cess to procreate (Buss, 2015).
An interesting question arises when narrowing down 
behaviour to spatial behaviour: why do people, in gen-
eral, like or dislike, approach or avoid certain spaces, cer-
tain spatial situations? From an evolutionary perspective, 
avoiding dangerous spaces and developing an aesthetical 
dislike towards these places can be understood. In this 
regard, adaptive behaviour and preferences are bound 
together.
Multiple theories adopting the concept of evolution-
ary approach are related to spatial preferences (Appleton, 
1975; Kaplan and Kaplan, 1982; Ulrich, 1983). In the pres-
ent study, Appleton's (1975) prospect-refuge theory and its 
connections with space syntax approach is examined in 
detail.
Appleton's (1975) theory of prospect-refuge provides 
an explanation of preferences for landscape vistas, view-
points, and certain spatial arrangements that are related to 
life-supporting environments.
Appleton identified elements of the environment that 
meet the needs for survival by being able "to see with-
out being seen" (Appleton, 1975:p.73), while immediately 
experiencing an aesthetic satisfaction thanks to these 
environmental features.
Preferred spatial arrangements support seeing and 
hiding, and at the same time providing the opportunity 
for movement and exploration. Furthermore, Appleton 
emphasises the effect of the shade/sun duality and the 
"hazards" within the environment. Whether the "hazards" 
are real or imaginary, dangers are also a factor to be taken 
into account when assessing how safe a situation is, as well 
as the vicinity of it. Perceived risk can be exciting from a 
distance while being terrifying up close (Appleton, 1975).
Appleton’s theory is widely used for assessing environ-
ments. However, it is worth noting that his theory was for-
mulated based on natural environments and landscapes, 
and most of the studies applied it outdoors, in natural envi-
ronments. While the significant role of prospect in spatial 
preference was proven in urban and indoor environments, 
the results were more neutral when testing refuge (Dosen 
and Ostwald, 2016). The importance of perceived bright-
ness, lighting and shade might become more prevalent in 
interiors, compared to natural environments, in affecting 
feeling in refuge; consequently, for example, the colour of 
a painted wall could have an important role.
3 Space syntax
Space syntax theory is concerned with how social pro-
cesses/relations impact space use and how these lead to 
the creation of certain spatial arrangements. It also exam-
ines the way the physical environment facilitates certain 
behaviours while rendering others difficult to take place 
(Bafna, 2003). Space syntax focuses on the geometri-
cal and configurational logic of the space (Hillier, 1996), 
implying certain accessibilities and visibilities with ulti-
mately different behavioural effects, apparent in patterns 
of space use (Hillier, 1996; Hillier and Penn, 1991) and 
social interaction (Hillier and Hanson, 1984; Peponis, 
1985; Hillier, 1996; Kupritz, 2003). An integrated space is 
easily accessible and/or visually connected to other spaces 
within the environment (Behbahani et al., 2014); therefore, 
it might serve as a reasonable "vantage-point", a spot that 
offers prospect, and more control over the environment 
(Mumcu et al., 2010).
As an approach, space syntax mostly focuses on city-
scale (Peponis et al., 1997; Jiang and Claramunt, 2002; 
Raford et al., 2007; Christova et al., 2012; Kádár, 2013) 
and large-scale environments, such as hospitals (Peponis 
et al., 1990; Haq and Luo, 2012); museums (Dursun, 2007; 
Hillier and Tzortzi, 2006); however, an increasing demand 
is apparent for studies in smaller-scale environments 
(Dosen and Ostwald, 2017; Psathiti and Sailer, 2017).
Commonly used measures of geometrical configura-
tional quality in space syntax methodology are depth and 
visual integration. Depth is the necessity to go through 
intervening spaces to access that room (Hillier and 
Hanson, 1984), and visual integration is a normalised 
measure of visual distance from all other locations in the 
spatial system (Hillier and Hanson, 1984).
Observation is a method widely used in researching 
human spatial behaviour (Sussman, 2016; Ng, 2016), more 
specifically, observing spontaneous seating choices is 
used often in space syntax paradigm (Keskin et al., 2015; 
Psathiti and Sailer, 2017). Seating choices are assumed 
to reflect preferences, which can also be apparent in the 
behaviour of people in simulated environments.
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4 Space syntax and prospect-refuge working in synergy
The collaboration of the two research fields of space syn-
tax and the evolutionary approach in environmental psy-
chology was addressed at the end of the 2000s (Montello, 
2007). Nevertheless, papers have only been published on 
this specific topic in recent years (Haq and Girotto, 2003; 
Galindo and Hidalgo, 2005; Ostwald and Dawes, 2013; 
Dosen and Ostwald, 2016; Psathiti and Sailer, 2017).
Examining the relationship between prospect-refuge 
theory and space syntax is quite recent, and so far there 
is no clear evidence that the two theories can be com-
bined and can strengthen each other in understanding 
the complex phenomenon of spatial behaviour (Ostwald 
and Dawes, 2013; Dawes and Ostwald, 2014; Dosen and 
Ostwald, 2013a; 2016; 2017; Psathiti and Sailer, 2017).
Different researchers tried to develop and expand their 
interpretations and definitions of the prospect-refuge the-
ory, applying it to specific research questions and venues 
(Dosen and Ostwald, 2013a). The authors' previous study 
focused on finding an evidence-based connection between 
space syntax measurements and the openness for coinci-
dental encounters, which was considered to be essential 
for interactions and developing creative ideas (Losonczi 
et al., 2017). Appleton's (1975) theory provided a new per-
spective and interpretation for the data, following the line 
of research converging on an understanding of behaviour 
from the perspective of prospect-refuge, while using the 
approach of space syntax to analyse spatial features.
5 Research theme and hypothesis
Our study relates tracked human spatial behaviours (seat-
ing choices of the experiment participants in a simulated 
environment) with space syntax variables that may predict 
certain aspects of behaviour, depending on the configura-
tion and social function of space.
Space syntax theory focuses on geometrical variables, 
while non-geometry related variables are less within the 
scope of the theory. The study aimed to account for non-ge-
ometry related variables. It was assumed that non-ge-
ometry related variables would have a significant effect 
on behaviour besides the variables in the focus of space 
syntax.
It was expected that differences would be observed in 
seating preference patterns depending on the social situ-
ations the participants are put in. These social situations 
are defined by the type of social interactions the users are 
likely to engage in (Losonczi et al., 2017).
The study then aims to relate the observations with 
the types of spaces/environments and environmental 
responses that are in the centre of prospect-refuge theory.
The selected situations were separated into two groups 
based on Appleton's (1975) theory: prospect driven and 
refuge driven situations. Substantial differences in 
behaviours within the environment with the same space 
syntax index, depending on the social situations, were 
expected. Also, spatial behaviour would be affected by 
non-geometry related variables.
6 Method
The participants received the description of a research facil-
ity, where they had to imagine themselves working there 
as researchers. The case study environment (see detailed 
description below) was a researchers' lounge. The partici-
pants familiarised themselves within the environment via a 
GIF footage that mimicked a walk within a 3D virtual model 
of the environment. The participants read the description of 
a specific social-situation and had to choose a seat. Each par-
ticipant was given four situations and had to choose a seat in 
each situation. The whole procedure was conducted online. 
The frequency of choices for each seat was used as an output 
variable in the subsequent statistical analysis.
6.1 Environment
The simulated case study environment was created for the 
present study based on the layout of the refurbished heri-
tage building. The case study environment consisted of five 
rooms forming an L shape (see Fig. 1). The rooms were not 
divided by doors but by vaulted cuts in the dividing walls; 
therefore, the movement of the users was not obstructed.
In total, 72 seats were positioned in the five rooms 
(three seats around each table). The number of seats in the 
different rooms varied between two and six, depending on 
the size of the room (see Fig. 2).
Fig. 1 Layout of the environment
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During the research, spatial configuration remained 
unchanged; however, different variations of the non-con-
figurational environmental features were used. Design-
ensemble was introduced as a variable having two poten-
tial categories: GREEN and BLUE (See Figs. 3 and 4 
respectively). The two design-ensembles varied only in 
the colours and materials applied. Architects were asked 
to design two design-ensembles and create them as dis-
tinct as possible but keep them lifelike, while leaving 
unchanged as many items of the interior as possible. The 
experiment was conducted by introducing the design-en-
semble as a variable while another ongoing study is focus-
ing on interpreting the effects of this specific variable. 
Although understanding the effects of the design-ensem-
ble variable is outside the scope of this study, the results 
chapter includes differentiation by design-ensembles.
Another environmental variable used in the research 
was homogeneity, which variable was crossed with the 
design-ensemble variable. The homogeneity variable had 
two categories: homogeneous or heterogeneous environ-
ments, resulting in a total of four case study environments 
In a homogeneous environment, all rooms have the 
same design ensemble (if all rooms are BLUE, it is called 
a homogeneousBLUE; if all are GREEN a homogeneous-
GREEN environment). In the heterogeneous environ-
ments, room E had the other type of design-ensemble 
(if room A, B, C and D were GREEN, then room E was 
BLUE, and the label heterogeneousGREEN was used, if 
all the rooms but room E were BLUE, the environment is 
called heterogeneousBLUE environment). 
6.2 Space syntax variables
To capture multiple forms of integration, three measure-
ments were used in the analysis, all related to the geom-
etry of the space: total depth, intervisibility and visual 
integration. All the variables measure the integration of the 
space, that is how certain parts of the spatial arrangements 
have connections with other spaces in a spatial system (a 
hall with many entrances to different rooms) (Bafna, 2003).
6.2.1 Total depth
Depth and total depth are indexes that apply to the scale of 
a room. Depth is measurable between two rooms by count-
ing the spaces/rooms between them. Total depth is calcu-
lated by summing all the possible depths in a given envi-
ronment (Hillier and Hanson, 1984) (see Fig. 5). Compared 
to the following indexes, total depth measurements can be 
considered vague.
A higher level of total depth indicates that a certain 
room is not easily accessible; therefore, it might act as a 
potential hiding place.
6.2.2 Intervisibility and visual integration
Space syntax measurements such as intervisibility and 
visual integration were calculated with the software 
DepthmapX (Turner, 2004). The program creates a grid 
on the layout and uses the centres of the grids as points to 
run the graph analysis (Turner, 2004).
Fig. 2 Seats within the environment
Fig. 3 The GREEN design-ensemble
Fig. 4 The BLUE design-ensemble
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The intervisibility graph of the case study environment 
(see Fig. 6) shows the connectivity of each node, that is 
the number of locations that can be seen from each node, 
while the visual integration graph (see Fig. 7) shows the 
shortest paths from each node (grid) to all other nodes 
(Turner, 2004).
Higher levels of intervisibility and visual integration 
indicate that a certain space/field in the grid is easily 
accessible and connected to other spaces/fields; therefore, 
it might serve as a prospect.
6.3 Social situations
The respondents met the virtual environment in two dif-
ferent ‘social situations’. The purpose of the situations 
was to give the respondents a believable setting: they had 
to imagine that they were researchers in a research facil-
ity and needed a change of scenery. So, they went to the 
researchers’ lounge and had to choose where to sit down. 
The social situations varied in the amount of focused work 
the respondents needed to do. One situation sought to 
model and imitate settings when a person is looking for 
a place to hide (to be able to focus on work without being 
distracted by coincidental encounters, being less open to 
these coincidental encounters (Losonczi et al., 2017) with-
out being seen). This situation will be called the pros-
pect-demanding situation in the study.
The other situation imitated the goal of needing ref-
uge within the environment. While in the other situation 
the goal in choosing a seat was to see and to be seen by 
co-workers in the researchers’ lounge, being open to coin-
cidental encounter (Losonczi et al., 2017). This situation 
corresponded to the goal of having a prospect within the 
environment; consequently, it is labelled in the study ref-
uge-demanding situation.
7 Results
The study involved 216 adults (97 males and 119 females, 
73 visual professionals, 143 laypeople; age 35.75 years, 
SD=10.36, min. 19, max. 73). Convenience sampling was 
applied. Familiarity with 3D environments and immersion 
in the simulated environment was controlled, both receiv-
ing fairly high scores 3.66 (SD=1.3) and 4.09 (SD=0.75) 
respectively on a 5-point Likert-scale (one indicating less 
familiarity and less immersion).
The research analysed Pearson’s correlations between 
the seating choice frequencies and the space syntax mea-
surements. This helped in uncovering the connections 
between space syntax measurements and the prospect-ref-
uge theory. Results of the correlations are shown in Table 1 
in the two social situations, in the four different environ-
ments. SPSS 24 was used for the statistical analysis.
The prospect-demanding situation is considered to be 
more open to the stimuli of the environment, as seeing 
others was implied in the description of the situation. In 
this situation, the expectation was to have a higher seat-
ing choice frequency for the seats located in a visually 
integrated environment. Significant positive correlations 
Fig. 5 The total depth graph of the layout
Fig. 6 The intervisibility graph of the layout
Fig. 7 The visual integration graph of the layout
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between seating choices, visual integration and intervis-
ibility were expected, while with total depth significant 
negative correlations were predicted.
Total depth did not show the expected significant nega-
tive correlation with seating choices.
Significant positive correlations were found between 
seating choice and visual integration and intervisibility 
in the prospect-demanding situation in all environments 
except one (homogenousBLUE environment).
Regarding the prospect–demanding situation, our 
results show a slight inconsistency. While in 75 % of the 
environments, the expected positive correlations with 
visual integration and intervisibility were found, these 
relationships were entirely missing in homogeneous BLUE 
environment. Regarding total depth, the expected negative 
correlation with seating preference did not appear. Total 
depth is a more vague measurement compared to intervis-
ibility and visual integration, and this could cause these 
results by blurring the spatial differences relevant in the 
evaluation of prospect.
The refuge-demanding situation was deemed to be less 
open to the stimuli of the environment; being able to con-
centrate on work was the focal point of the description of 
the situation. In this situation, expectations posited by the 
study were opposite to those in the prospect-demanding 
situation.
In the less open situation – considered to be a refuge-de-
manding situation – the expected results were not found.
8 Conclusion
Appleton's (1975) prospect-refuge theory is well-known 
in environmental psychology, architecture, landscape 
planning and urban and interior design (Dosen and 
Ostwald, 2013a). However, little is known about the pre-
dictive power of the theory when observing behaviour, 
and inconsistent results can be found when investigating 
the evidence-based results (Dosen and Ostwald, 2016). To 
add to the evidence-based research related to the pros-
pect-refuge theory in built and indoor environments, the 
case study environment was a simulated researchers' 
lounge located in a heritage building, therefore, providing 
a realistic layout.
During the research, two social situations were used: 
one of them accentuating the goal of prospect, one under-
lining refuge. A further research question was what kind 
of effect design-ensembles have on seating choices, on 
perceived prospect or refuge. To test this, four different 
design-environments were used (using two design-ensem-
bles and their homogeneous or heterogeneous variations).
The results are aligned with the meta-analysis of Dosen 
and Ostwald (2016) who found that in interiors, the pros-
pect aspect of prospect-refuge shows significant con-
nection with preference. However, in the case of the ref-
uge-demanding situation the results of seating choices in 
this study are more in the neutral zone. Presumably the 
"hazards" mentioned by Appleton (1975) are less relevant 
in indoor environments than in urban or natural sceneries, 
making the parallel presence of prospect and refuge in the 
same time in the same space unnecessary for the user of 
the space. In an already controlled environment, such as 
the researcher’s lounge of a workplace in our study, safety 
might not be a pertinent factor, while prospect might be 
understood as an opportunity in such settings.
The correlations between space syntax measure-
ments and seating choices were weak even in significant 
cases. The weak correlations are unlikely to be the con-
sequence of the environment being simulated, as other 
studies showed that real-life environments might also pro-
duce mixed results and weak correlations (Psathiti and 
Sailer, 2017).
Space syntax measurements mostly take into account 
the layout of the place excluding other aspects of the envi-
ronment such as the 3D features of the environment (cf. 
Varoudis and Psarra, 2014), ceiling height (cf. Dosen and 
Ostwald, 2013a), or the views from the windows (Dosen 
and Ostwald, 2013b). These factors can have an immense 
effect on feeling safe, having a refuge or having an over-
view, a prospect.
Table 1 Correlations between seating choice frequencies and space syntax indexes  
(two-sided r values are shown; * is indicating p<0.05; ** indicating p<0.01)
homogeneousGREEN env. homogeneousBLUE env. heterogeneousGREEN) env. heterogeneousBLUE env.
Situation
Total 
depth
Intervis. 
graph
Visual 
integr.
Total 
depth
Intervis. 
graph
Visual 
integr.
Total 
depth
Intervis. 
graph
Visual 
integr.
Total 
depth
Intervis. 
graph
Visual 
integr.
Prospect-demanding 
situation −0.070 0.345** 0.369** 0.003 0.164 0.183 −0.057 0.351** 0.381** 0.037 0.236* 0.275*
Refuge-demanding 
situation 0.075 0.033 0.081 0.174 −0.002 0.024 0.047 0.157 0.205 0.122 0.019 0.035
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An upcoming step in understanding the relationship 
between prospect-refuge theory, space syntax and predict-
ing behaviour – especially in built environments – can be 
to use more refined space syntax measurements and using 
joint metrics (Psathiti and Sailer, 2017).
To better understand the results, qualitative research is 
necessary. As previously mentioned, the authors are inves-
tigating the effects of design-ensembles in an ongoing 
study. The possible interpretations, the connotative mean-
ings of the different design-ensembles and their effects on 
seating choices or the perceived prospect or refuge are not 
in the scope of the present study. 
It should be pointed out that even though the situations 
were meant to grasp the essence of prospect and refuge in 
a believable, relatable manner, the lack of significant cor-
relations in refuge-demanding situation suggest that fur-
ther investigation in the interpretation of the social situa-
tions is required, especially in the refuge-oriented social 
situation, although the lack of significant results could 
also show the general lack of connection between seat-
ing choices and environmental preferences with refuge in 
interiors (Dosen and Ostwald, 2016).
A limitation of the study is that the respondents reacted 
to an empty environment, without anybody being present 
in the researchers' lounge, which would not be a likely sce-
nario in real life. Therefore, the behaviour might be dif-
ferent with people occupying the environment. Another 
limitation was that convenient sampling was used, and 
presumably, the upper-middle-class was overrepresented 
in our sample. Despite the limitations regarding the sam-
pling, an asset of the study was that even though some 
university students appeared among the participants, the 
mean age (36 years) is higher than the university student 
age group.
The authors would like to emphasise the importance of 
the research having taken place in indoor environments 
with multiple rooms, which is rare in prospect-refuge 
studies (Dosen and Ostwald, 2016). 
The future goal is to continue the multidisciplinary 
approach in research providing quantitative, evi-
dence-based reflection on the prospect-refuge and space 
syntax theories, and to use qualitative methods in investi-
gating the psychological factors (for example, goal of the 
user, the connotations of the different design elements) 
that have to be considered when applying these theories in 
the design practice.
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